STIC-ILL 

From: 

Sent: 

To: 

Subject: 




Turner, Sharon 

Tuesday, June 12, 2001 8:59 AM 

STIC-ILL 

09155076 




Please 




-Rakonczav et al 198fi J. Neurochem. 46, 28Q-2 g 
Brimijoin et al., 1993, Neuroscience 54, 201-223 
Dagerlind et al., Neuroscience 54:1079-1090 



Sharon L. Turner, Ph.D. 
USPTO CM1-10B09 
Biotechnology GAU 1647 
(703) 308-0056 




/ 



Journal of Neurochemistry 
Raven Press, New York 

© 1986 Internationa] Society for Neurochemistry 



Monoclonal Antibodies to Rat Brain Acetylcholinesterase: 
Comparative Affinity for Soluble and 
Membrane-Associated Enzyme and for Enzyme from 
Different Vertebrate Species 




it has: 
antibci 
jectinj 
were \ 
AChB . 
studyl 
antibq f 
generi : 
tivity j 



Zoltan Rakonczay and Stephen Brimijoin 



Department of Pharmacology, Mayo Clinic, Rochester, Minnesota, U.S.A. 



Abstract: Seven unique monoclonal antibodies were gen- 
erated to rat brain acetylcholinesterase. Upon density 
gradient ultracentrifugation, immunoglobulin complexes 
with the monomelic enzyme appeared as single peaks of 
acetylcholinesterase activity with a sedimentation coef- 
ficient approximately 3S greater than that of the free en- 
zyme. This behavior is consistent with the assumption of 
one binding site per enzyme molecule. Apparent disso- 
ciation constants of these antibodies for rat brain acetyl- 
cholinesterase calculated on the basis of this assumption 
ranged from about 10 nM to more than 1,000 nM. Some 
of the antibodies were less able to bind the membrane- 
associated enzyme that required detergent for solubili- 
zation than the naturally soluble acetylcholinesterase of 
detergent-free brain extracts. Species cross-reactivity 
was investigated with crude brain extracts from mammals 
(human, mouse, rabbit, guinea pig, cow, and cat) and 



from other vertebrates (chicken, frog, and electric eel). 
Three antibodies bound rat acetylcholinesterase exclu- 
sively; one had nearly the same affinity for all mammalian 
acetylcholinesterases investigated; the remaining three 
showed irregular binding patterns. None of the antibodies 
recognized frog and electric eel enzyme. Pooled antibody 
was found to be suitable for specific immunofluorescence 
staining of large neurons in the ventral horn of the rat 
spinal cord and smaller cells in the caudate nucleus. 
Other potential applications of these antibodies are dis- 
cussed. Key Words: Acetylcholinesterase — Mammalian 
brain — Monoclonal antibodies— Immunohistofluores- 
cence. Rakonczay Z. and Brimijoin S. Monoclonal an- 
tibodies to rat brain acetylcholinesterase: Comparative 
affinity for soluble and membrane-associated enzyme and 
for enzyme from different vertebrate species. /. Neuro- 
chem. 46, 280-287 (1986). 



Immunochemical methods can detect subtle 
structural differences in the apparently homoge- 
neous acetylcholinesterases (AChE; EC 3.1.1.7) 
isolated from different sources. Accordingly, these 
methods are becoming powerful tools for analyzing 
the structure and localization of AChE, as well as 
the function of this enzyme in cholinergic neuro- 
transmission. 

Rodent brain AChE is particularly suitable for im- 
munochemical study, since its physiology and dis- 
tribution are of great interest and much is already 
known about its molecular heterogeneity and bio- 
chemical properties (Rakonczay et al., 1981a, b). 
However, there are only a few reports of specific 
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antibodies to the AChE of rat or mouse brain (Ad- 
amson, 1977; Greenberg et ah, 1977; Zanetta et al.. 
1981; Marsh et al., 1984). Furthermore, all of the 
reported antibodies are polyclonal, a fact that limits | 
their usefulness for detailed investigation. 

Recently, monoclonal antibodies have been pro- 
duced to the AChE of human red blood cells (Fam- ; • 
brough et al., 1982; Brimijoin et al., 1983) and rabbit 
brain (Mintz and Brimijoin, 1985). These antibodies 
have permitted some insights into the organization 
of the mammalian enzyme. Unfortunately, they f 
have little affinity for rat brain AChE. 

Perhaps because of immunochemical similarities 
among the AChEs of rodents (Marsh et al., 1984), }:;;: 

Dr. Z. Rakonczay is on leave from Central Research Labo- \ [•'. 

ratory, Medical University, 6720 Szeged, Hungary. 0\ 

Abbreviations used: AChE, acetylcholine acetylhydrolase, EC s 
3.1.1.7; IgG, immunoglobulin G. \ 
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|;: it has been difficult to produce murine monoclonal 
£; antibodies to rat brain AChE. However, by sub- 
| jecting this enzyme to partial heat denaturation, we 
| :were able to generate high titers of circulating anti- 
| AChE antibody in immunized mice. The goal of this 
| study was to produce and characterize monoclonal 
| antibodies to rat brain AChE. Here we describe the 
general properties, affinity, and species cross-reac- 
;;; tivity of seven such antibodies. 

MATERIALS AND METHODS 

Rat, rabbit, and guinea pig brains (unstripped, mature) 
I were purchased from Pel-Freez Biologicals (Rogers, AR, 
■jj. U.S.A.); cat brain was supplied by Dr. T. Yaksh (Dept. 
J of Neurosurgery, Mayo Clinic); human brain was ob- 
i tained at autopsy by Dr. H. Okazaki (Dept. of Pathology, 
/ Mayo Clinic). Inbred mice were supplied by Dr. C. David 
(Dept. of Immunology, Mayo Clinic). Complete Freund's 
; adjuvant was purchased from DIFCO Laboratories (De- 
troit, MI, U.S.A.). Rabbit antiserum to mouse immuno- 
globulin was purchased from Miles Laboratories (Elk- 
hart, IN, U.S.A.). The FO mouse myeloma cell line was 
a gift of Dr. G. Fathman (Dept. of Immunology, Stanford 
University). Pansorbin was obtained from Calbiochem- 
Behring (La Jolla, CA, U.S.A.). DEAE-Affi-Gel Blue 
was from BioRad Laboratories (Richmond, CA, U.S.A.). 
: BW 284C51 [l,5-bis(alIyldimethylammoniumphenyl)- 
pentane-3-one dibromide] was purchased from Burroughs 
: Wellcome Co. (Research Triangle Park, NC, U.S.A.). 

Other chemicals and reagents were purchased from 
;. Sigma Chemical Co. (St. Louis, MO, U.S.A.). 

Enzyme assay and protein determination 

The activity of AChE was measured spectrophotomet- 
rically (Ellman et al., 1961) or radiometrically (Johnson 
and Russell, 1975). BW 284C51 dibromide (1(T 5 M) and 
ethopropazine (I0~ 4 M) were used, respectively, as spe- 

■ cific inhibitors of AChE (to generate blank samples) and 
pseudocholinesterase (to eliminate interference in the 
assay). Enzyme activity was calculated in units of jimol 
substrate hydrolyzed per minute. 

Protein was measured routinely by the dye-binding 
assay of Bradford (1976) or, if the sample contained high 
concentrations of Triton X-100, by the fluorescamine 
assay (Schwabe, 1973). Bovine serum albumin was the 

: reference standard for both methods. 

Preparation of brain extracts 

Crude extracts for use as test antigen were made by 
homogenizing whole brains (fresh or frozen) in 10 vol- 
umes of buffer [12.5 mM sodium phosphate (pH 7.4), 0.4 
M NaCl, with 0.5% (vol/vol) Triton X-100J. These ex- 
tracts were centrifuged at 100,000 g for 1 h at 4°C and the 
supernatant fractions designated "total AChE." "Mem- 
brane-associated 1 ' and "soluble" AChE were prepared 
by extraction with or without detergent, as previously 
described (Rakonczay et al., 1981W. 

Sucrose density gradient centrifugation 

The AChE molecular forms were separated on linear 
5-20% sucrose gradients (Rakonczay et al., 19816). Sam- 
ples (500 jjlI) were centrifuged for 15 h at 38,000 rpm at 
4°C (SW-41 rotor, L8-55 ultracentrifuge; Beckman In- 
struments. Palo Alto, CA, U.S.A.). Catalase (11.3S) and 



bovine serum albumin (4.3S) were used as sedimentation 
markers. 

Immunization and fusion 

The AChE from adult rat brain was purified to homo- 
geneity as described previously (Rakonczay et al., 
1981a). On day 1, BALB/c mice were injected subcuta- 
neously with 20 u.g of highly purified rat brain AChE 
(partially heat-denatured at 52°C for 10 min) emulsified 
in complete Freund's adjuvant. On days 28 and 42, mice 
received booster immunizations with the same amount of 
enzyme, injected intraperitoneally, without adjuvant. On 
day 45 the spleens were removed and fused with FO my- 
eloma cells. The hybridization was performed in the pres- 
ence of polyethylene glycol by a modification (Fazekas 
de St. Groth and Scheidegger, 1980) of the procedure of 
Kohler and Milstein (1975), as fully described earlier 
(Brimijoin et al., 1983). Hybridomas were selected by 
culture in the presence of hypoxanthine, aminopterine, 
and thymidine. As cell densities approached confluency, 
the culture supernatants were tested for production of 
antibodies to rat brain AChE. Primary cultures secreting 
antibodies against the enzyme were subcloned by two 
successive limiting dilution steps (average of 1/3 cell per 
well) and were also visually inspected for the presence of 
single colonies. 

Ascites tumors, antibody purification, 
and isotyping 

Selected hybridoma clones were expanded by injection 
of 10 6 cells into the peritoneal cavities of female BALB/c 
mice primed 1 week earlier with Pristane (2,6,10,14,-tet- 
ramethylpentadecane; 0.3 ml, i.p.). The murine mono- 
clonal antibodies were purified from the ascites fluid by 
chromatography on DEAE Affi-Gel Blue by the method 
of Bruck et al. (1982). Immunoglobulin isotypes were 
characterized with the aid of an enzyme-linked immu- 
noassay kit (Zymed Laboratories, San Francisco, CA, 
U.S.A.). 

Binding assay 

A solid-phase immunoabsorbance assay was used to 
measure the binding of AChE (Brimijoin et al., 1983). 
Briefly, rabbit antimouse immunoglobulin and mono- 
clonal antibody or normal mouse serum were adsorbed 
sequentially to Protein A-bearing Pansorbin to ensure 
quantitative precipitation of immune complexes. After 
several washings, the solid phase was resuspended and 
incubated with antigen for I h at 37°C. The extent of 
binding was determined after low-speed centrifugation by 
assaying the AChE activity in both supernatants and pel- 
lets. 

Immunohistochemistry 

Rats were perfused through the aorta with 100 ml of 
cold 0.9% NaCl followed by 200 ml of cold 0. 1 M sodium 
phosphate (pH 7.4) containing 2% (wt/vol) paraformal- 
dehyde (a concentration found optimal in preliminary 
work). Brain and spinal cord were then removed and im- 
mersed in the fixative for 2 h in vitro, followed by several 
rinses and an overnight incubation at 4°C in 0.1 M phos- 
phate buffer with 5% sucrose as a cryoprotectant. Cross- 
sections of spinal cord and sagital sections of brain (12 
urn) were cut on a cryostat, thawed onto gelatin-coated 
microscope slides, and processed by the indirect immu- 
nofluorescence technique of Coons (1958). The best re- 
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suits were obtained with pooled antibody [ZR 1-7, in 
equal parts, diluted 1:30 in 0.1 M sodium phosphate (pH 
7.4) with 0.3% Triton X-100]. An equivalent dilution of 
normal mouse serum served as a control. Affinity-puri- 
fied goat anti-mouse immunoglobulin G (IgG) conjugated 
with fluorescein isothiocyanate (Southern Biotechnology 
Associates, Birmingham, AL, U.S.A.) was the labeled 
second antibody. Tissue fluorescence was observed 
under epi-illumination in a Zeiss Axiomat microscope 
equipped with a silicon-intensified-target video camera 
(Dage-MTI, Michigan City, IN, U.S.A.) and Conrac 
video monitor. Photographs were taken directly from the 
monitor with a Polaroid CU-5 camera and type 552 film 
(0.5satf/ll). 

Statistical calculations 

Apparent dissociation constants (K D ) for the complexes 
of monoclonal antibodies and AChE were calculated as 
described earlier (Brimijoin et al., 1983). Least-squares 
nonlinear regression analysis of binding data was carried 
out on a Hewlett-Packard Model 85 microcomputer with 
the aid of a program written by Peck and Barrett (1979). 



RESULTS 

Antibody production 

Two mice were immunized with highly purified, 
partially heat-denatured rat brain AChE; two spleen 
cell -myeloma fusions were performed; nearly 150 
primary hybridoma cultures were screened as de- 
scribed in Materials and Methods. We obtained 
seven cultures that secreted antibody against 
AChE. These were subcloned by two consecutive 
limiting dilutions to obtain a single, stable antibody- 
secreting cell line from each culture. The clonal cell 
lines were expanded as ascites tumors, and pure 
IgG was isolated from the ascites fluid (see Mate- 
rials and Methods). 

Sedimentation of AChE immune complexes 

The effects of several monoclonal antibodies on 
the sedimentation velocity of rat brain AChE were 
examined to determine whether binding to multiple 
epitopes on each catalytic subunit was likely. To 
begin with the simplest possible sedimentation pat- 
tern, monomeric (G,) AChE was prepared from 
crude extracts of "soluble" brain enzyme, where 
this form accounts for approximately half of the 
total AChE activity. When G, AChE was exposed 
for I h at 37°C to monoclonal antibody ZR5 in a 
concentration of 10 ~ 6 M, sedimentation analysis 
showed that all of the enzyme was converted to a 
single nonprecipitating complex (Fig. 1). The ap- 
parent sedimentation coefficient of the enzyme -an- 
tibody complex was about 7S, an increase of 3S 
over that of the free G, form. Similar patterns were 
obtained using other monoclonal antibodies. As will 
be discussed, this behavior is consistent with the 
assumption of single epitopes for each antibody on 
the catalytic subunits of AChE. 
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FIG. 1. Sedimentation velocity of AChE and immune com- 
plexes. Monomeric (G,) AChE was first isolated on a 5-20% 
sucrose density gradient and was recentrifuged after 1 h in- 
cubation at 37°C in the presence or absence of 2R5 antibody, 
at a final concentration of 10~ 6 M. The arrows show the po- 
sition of catalase (11. 3S) and bovine serum albumin (4.3S) 
added as calibration standards. 



Apparent affinity for rat brain AChE 

To assess their affinity for antigen, various dilu- 
tions of immobilized antibody were incubated with 
freshly prepared crude extracts of "soluble" and 
"membrane-associated" rat brain AChE. After 
centrifugation the AChE activity was measured 
both in pellets and in supernatant fractions (see Ma- 
terials and Methods). Typical binding curves for a 
relatively high-affinity antibody (ZR7) are shown in 
Fig. 2. 
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|S Apparent dissociation constants (A: D ) were cal- 
|; culated from the binding data according to a pre- 
§■ viously described method (Brimijoin ct al., 1983). 
• using a computer-based nonlinear least-squares 
I analysis. The calculation was not expected to give 
|:a true K D because crude ^soluble" and "rnem- 
Igbranc-associated" extracts of rat brain contain at 
||ieast two molecular forms of AChE and because 
I; stoichiometric binding of IgG to the multimeric 
| (i.e., 10S) form of AChE was unproven. Neverthe- 
less, the derived constants are probably accurate 
| within an order of magnitude and they do indicate 
| the relative affinities of the different antibodies. 
|; Comparison of the K D values summarized in 
fTable I shows that the range of affinities is about 
|j00-fbld. One of the monoclonal antibodies (ZRI) 
I;/ was of low affinity (A: D greater than 1000 nM). An- 
other antibody (ZR7) was of high affinity (A* D , 10- 
|:30 nM). The remaining antibodies (ZR2-ZR6) 
g formed a medium affinity group (K D > 30-200 nM). 
I It is worth noting that antibodies ZR2, ZR3, and 
% ZRI preferred the naturally soluble enzyme: all 
\ three bound soluble AChE with a K n that was less 
: than half the K D for membrane-associated AChE. 
i Antibody ZR5 showed a contrasting preference for 
;: the later type of enzyme. 

; Immunohistochemistry 

Since their apparent affinities were moderately 
high, we tested whether the antibodies would stain 
AChE in frozen sections of formalin-fixed nervous 
tissue from the rat. Under optimal fixation condi- 
tions, specific immunofluorescence was detected in 
the striatum and the ventral horn of the spinal cord 
;= after treatment with pooled monoclonal antibody 
[ and fluorescein-conjugated second antibody (see 
^Materials and Methods). The fluorescence was not 
intense when viewed directly but was dramatic 
■ when observed through a sensitive video system. 
; Staining in the striatum was confined to neuron-rich 
regions, with the striations themselves appearing 
dark (Fig. 3A). The fluorescence was often 
brightest at or near cell surfaces (Fig. 3B). Much 
less fluorescence was noted in adjacent regions of 

; TABLE 1. Apparent dissociation constants (K n ) for 
c omplexes of monoclonal antibodies with rat brain 
"soluble ' * and ' 'membrane-associated' ' A ChE 



Antibody 




Apparcm <nA/> 


"Soluble AChf 


'■Membrane-associated AchE" 


ZRI 


1380 t 236 


1260 ± 160 


ZR2 


32 ± 5.0 


83 t 12 


ZR3 


62 - 6.5 


204 r 39 


ZK4 


50 ± 5.3 


68 ± 9.5 


ZR5 


56 r 9.3 


30 ± 6.7 


ZR6 


103 * JO 


89 i 15 


ZR7 


14 ± 2.6 


27 ± 6.5 



Calculations were performed as previously described (Brimijoin et al., 
1983) and were based on a one-site model (i.e.. a single antibody binding 
site (epitope) per enzyme molecule). 



brain (not shown) or in striatal sections treated with 
normal mouse serum in place of specific antibody 
(Fig. 3C and D). In the spinal cord, specific staining 
of large neurons and associated processes was 
clearly evident (Fig. 4). 

Species cross-reactivity 

Experiments were carried out to compare the 
cross-reactivity of the antibodies with brain AChE 
from other mammals and nonmammalian verte- 
brates. Each antibody was tested in a single high 
concentration (10 ~ 6 M) for its ability to bind AChE 
in fresh extracts of whole brain from mouse, 
human, rabbit, guinea pig, cow, cat, chicken, and 
frog. Tests were also made with commercially pu- 
rified AChE from the electric eel. Although the ac- 
tual volume of brain extract was slightly different 
in each case, the amount of AChE activity used was 
approximately the same (0.5 units). 

As Fig. 5 shows, none of the antibodies could 
bind frog or electric eel AChE or had much affinity 
for the chicken brain enzyme. The cross-reactivities 
with mammalian AChEs, however, fell into five dis- 
tinct patterns: essentially equivalent affinity for en- 
zyme from each species including mouse (ZRI); al- 
most exclusive preference for rat brain AChE (ZR2, 
ZR5, ZR6); a preference for enzyme of rat and 
guinea pig (ZR4); a preference for AChE of rat and 
cow (ZR7); limited cross-reactivity with AChE of 
rabbit, guinea pig, and cat (ZR3). 

Wc tested whether any of the antibodies could 
distinguish among the brain AChEs from different 
inbred strains of mice, since any such abilities could 
be used to analyze the biochemical genetics of the 
enzyme. Crude brain extracts from 13 different 
inbred mouse strains with widely varying genetic 
backgrounds were used. Enzyme binding was de- 
termined by the routine solid-phase assay, using a 
single concentration of each monoclonal antibody 
(I0~ 6 M). With fresh brain extracts, no consistent 
strain differences in binding of AChE were noted 
(Fig. 6). Storage of frozen brain extracts for 2 
weeks, however, caused dramatic strain-specific 
losses in immunoreactivity that were not paralleled 
by losses of AChE activity. These effects were pre- 
sumed to reflect differences in enzyme stability and 
were not pursued further. 

Other properties 

Isotypc analysis showed that all the antibodies 
were IgG2b, with k light chains. According to Kron- 
vall et al. (1970), Protein A has a high affinity for 
this class of immunoglobulins, and Protein A- 
bearing Pansorbin should bind them well. An ex- 
periment was therefore done to determine whether 
rabbit antimouse IgG was required as a "linking 
antibody" to precipitate AChE in the solid-phase 
binding assay. The results showed less than optimal 
immunoprecipitation without the linking antibody, 
except when ZR4 was used (Tabic 2). 
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FIG. 3. Indirect immunofluorescence staining of rat striatum. Cryostat sections (12 jjtm) were cut from formalin-fixed rat brain 
and treated with pooled monoclonal antibody at 1:30 dilution, followed by fluoresce! n-conjugated goat anti-mouse IgG Fluo- 
rescence was observed on a Zeiss Axiomat microscope ( x 16 objective) with the aid of a silicon-target-intensified video camera 
and video monitor. Photographs were made directly from the monitor. A: Striatum, showing general staining of cell bodies and 
♦V- ft 'T 9 the inter P enetratin 9 striations. B: Brightly staining region of the caudate nucleus, with numerous small cells 
outlined by fluorescent antibody. C and D: Background fluorescence in control sections of striatum stained with normal mouse 
serum in place of specific antibody. 



Salt sensitivity was tested by performing the 
solid-phase binding assay with each antibody, at 
concentrations ranging from 10' 9 to 10~ 6 M f in the 
presence or absence of 1 M NaCI. The results (sum- 
marized in Table 2) showed that the affinity of ZR1 
was slightly reduced in the presence of salt, while 
the other antibodies were essentially unaffected. 
Detergent sensitivity, tested similarly by investi- 
gating binding of 4 'soluble AChE" in the presence 
or absence of 1% Triton X-100, was equally low 
(data not shown). 

It was also investigated whether any of the anti- 
bodies could inhibit rat brain AChE. The enzyme 
was incubated for 1 h at 37°C in the presence or 
absence of antibody (10 6 M) and the AChE ac- 
tivity of the mixtures was measured spectrophoto- 
metrically. None of the antibodies measureably af- 
fected the activity except ZR2, which caused a 
trivial inhibition (Table 2). 



DISCUSSION 

There have been previous but unsuccessful at- 
tempts to produce monoclonal antibodies to rat 
brain AChE. According to Marsh et al. (1984), a 
chief source of difficulty could be extensive im- 
munochemical similarities among rodent AChEs. 
However, Mintz and Brimijoin (1985) identified two 
monoclonal antibodies to rabbit brain AChE that 
cross-reacted with the enzyme of rat but not mouse. 
Our current results confirm the inference that there 
are significant structural differences among the 
brain AChEs of different rodents. Two factors that 
may have aided antibody production in the present 
case were (a) immunization with highly purified, es- 
sentially homogeneous enzyme; (b) partial heat in- 
activation of the antigen which, after denaturation, 
could have seemed more "foreign" to the murine 
immune system. 
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FIG. 4. Indirect immunofluorescence staining of rat spinal cord. Cross sections of spinal cord were treated and photographed 
as described in the legend to Fig. 3. A-C: Specific fluorescence induced by pooled monoclonal antibody. D-F: Backqround 
fluorescence induced by normal mouse serum. y 



By sedimentation analysis, we characterized the 
immune complexes formed between the mono- 
clonal antibodies and the G l AChE of rat brain. 
Only one type of complex was produced, with a 
sedimentation coefficient of about 7S, even though 
the antibodies were added in large excess (concen- 
trations about 20 times the apparent K D ). This be- 
havior is consistent with the effects of monoclonal 
antibodies against human AChE when tested with 
different molecular forms of this enzyme (Fam- 



brough et al., 1982; Brimijoin et al., 1983; Marsh et 
al., 1984). An extensive study of immune com- 
plexes with AChE forms from human red blood 
cells (Brimijoin and Mintz, 1985) demonstrated that 
similar conditions led to the binding of one IgG mol- 
ecule per catalytic subunit, increasing the sedimen- 
tation coefficient by 5S or less. It is therefore prob- 
able that 1:1 complexes of enzyme and immuno- 
globulin were generated in the present case. 
The affinity of the newly isolated monoclonal an- 
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SPECIES OF ANTIGEN 
FIG. 5. Cross-reactivity of monoclonal antibodies with brain 
AChE from various animal species. Each binding assay was 
performed with a variable amount of crude detergent extract 
of brain tissue with approximately 0.5 units of AChE activity. 
Antibody concentration was 10~ 6 M in all cases. 



tibodies is important in determining their utility as 
tools for imrnunohistochemistry, immunoassay, or 
immunopurification of rodent AChE. Monoclonal 
antibodies to other AChEs have bound the rat en- 
zyme only weakly (Mintz and Brimijoin, 1985). By 
comparison, the present antibodies bound tightly 
enough to produce clear-cut immunofluorescence 
staining of central nervous tissue. The apparent dis- 
sociation constants, ranging down to about 20 nM, 
are small enough to make additional applications of 
the antibodies feasible. Although the dissociation 
constants by themselves give no information about 
the nature of the binding sites recognized, they do 
suggest that each isolated antibody is a distinct mol- 
ecule with unique properties. 

The pattern of antibody cross-reactivities with 
AChEs from different animal species is in some re- 
spects as important as absolute affinity because it 
may reveal similarities and differences among im- 
munogenic sites (epitopes) on the enzymes. For ex- 
ample, the broad cross-reactivity of ZRI with the 
brain AChEs of various mammals indicates that at 
least, one AChE epitope is shared by this group of 
animals, though lacking in the other vertebrates 
tested. It is interesting that ZRI bound mouse 
AChE as avidly as rat AChE, implying a breakdown 
in immune tolerance. The fact that none of our 



monoclonals react with electric eel AChE is in 
agreement with previous reports that polyclonal an- 
tibodies to the Electrophorus enzyme did not cross- 
react with mammalian AChE (Williams, 1969) and 
vice versa (Greenberg et al., 1977). 

Taken together, our findings indicate that each of 
the seven isolated AChE antibodies is a unique mol- 
ecule. The five distinct patterns of species cross- 
reactivity suggest that at least five different epitopes 
are recognized. At present we cannot exclude the 
possibility that the antibodies with similar cross- 
reactivities (ZR2, ZR5, and ZR6) are directed 
against the same epitopes. However, these anti- 
bodies differ in their relative affinities for the brain 
AChEs extracted with and without detergent. It 
therefore seems likely that they actually do bind to 
different portions of the AChE surface. 

The ability of some antibodies to distinguish be- 
tween the "soluble". and "membrane-associated" 
AChE of rat brain deserves further comment. The 
preference of three antibodies for soluble AChE is 
surprising since the immunizations were performed 
with "membrane-associated" enzyme. We doubt 
that the reduced affinity for membrane-associated 
AChE arises simply from the presence of Triton X- 
100 in the buffers, because Triton had no effect on 
the apparent affinity for soluble AChE. Conceiv- 
ably the antibodies in question bind to sites that, on 
membrane-associated AChE only, are partially 
blocked by Triton. However, the present results 
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INBRED MOUSE STRAINS 

FIG. 6. Cross-reactivity of antirat brain AChE monoclonal 
antibodies with brain AChE from various inbred mouse 
strains. Conditions of the binding assays were as described 
in the legend to Fig. 5. 
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MONOCLONAL ANT/BODIES TO RA T BRAIN ACfiE 
TABLE 2. Summa ry of properties of monocUnta lan^ hra!n AC/t£ 
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